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(57) ABSTRACT

Provided is a method of controlling an electric vehicle
capable of preferably performing a regenerative control when
aplurality of forward driving ranges are shifted to each other.
During travelling on a downhill road, the vehicle executes a
downhill regenerative control for adjusting the regenerative
amount of an electric motor so that acceleration obtained
when an accelerator is closed becomes a downhill accelera-
tion according to a road surface slope. The vehicle also
executes an acceleration increase control in which the down-
hill acceleration obtained when the forward driving ranges
are shifted from a second forward driving range to a first
forward driving range during travelling on the downhill road
is at least temporarily set to an acceleration exceeding the
downhill acceleration obtained on the assumption that the
vehicle continuously travels on the same road surface slope as
that of the currently travelling downhill road in the first for-
ward driving range.

4 Claims, 11 Drawing Sheets

___Ng<

D RANGE OR B RANGE 7

>Sl

[ves

CALCULATE BASIG DRIVE FORCE Fbase S
(ACCELERATOR REGENERATIVE CONTROL PROCESS
WHEN IN REGENERATIVE MODE)

CALCULATE DOWNHILL REGENERATIVE
RECTION QUANTITY AF1
(DOWNHILL REGENERATIVE CONTROL PROGESS)

GALCULATE TEMPORARY TARGET DRIVE FORCE |S4
Ftar_temp
(Ftar_temp — Fbase + AFY)

CALCULATE BRAKING REGENERATIVE CORRECTION
(DRIVABILITY FILTERING PROCESS)

85

CALCULATE TARGET BRIVE FORCE Ftar
(Ftar < Fiar_temp + AF2)

S6

a



US 9,139,106 B2

Page 2
(51) Int.ClL (56) References Cited
B60L 15/20 (2006.01)
B60OL 7/14 (2006.01) U.S. PATENT DOCUMENTS
Beow 10/11 (2012.01) 2008/0319601 A1* 12/2008 Komeda etal. .ooococo..... 701/29
B6OW 30/18 (2012.01) 2000/0112386 Al 4/2009 Saitoh et al.
B6OL 7/18 (2006.01) 2014/0297087 AL* 10/2014 AMANO ...oovvvrrrerorrr. 701/22
FOREIGN PATENT DOCUMENTS
(52) US.CL
CPC ... B60OW 10/11 (2013.01); B6OW 30/18127 Jp 2009-106130 A 5/2009
P 2010-230122 A 10/2010

(2013.01); B6OW 2540/103 (2013.01); B6OW
2550/142 (2013.01); B60W 2720/106
(2013.01); Y02T 10/7275 (2013.01)

WO WO 2010/110098 Al 9/2010

* cited by examiner



US 9,139,106 B2

Sheet 1 of 11

Sep. 22, 2015

U.S. Patent

Ta3d
¥3IAIT L4IHS Va3d Ivyg HOLVEITI00Y
5 5 5
92 A4 8l
OSN3S OSNAS 4OSN3S 4OSN3S 33493a | | ¥OSNIS 33¥H3a
NOILV¥31300V | | a33dS FT0IHIA | [NOILISOd L4IHS| | BNINIO dd ONIN3dO dY
y § § y 5
el Z¢ Al og sd| 8¢ dgg| ¢ deg| 0¢C
9¢ ~{ INIL no3
S
ve
N} ANI AY3L1vd
5 §
Al _
vl A 91 |
| 914




U.S. Patent Sep. 22, 2015 Sheet 2 of 11 US 9,139,106 B2

FIG. 2
( START )
NO S1
——< D RANGE OR B RANGE ? >
YES

CALCULATE BASIC DRIVE FORCE Fbase 52

(ACCELERATOR REGENERATIVE CONTROL PROCESS
WHEN IN REGENERATIVE MODE)

CALCULATE DOWNHILL REGENERATIVE 53

GORRECTION QUANTITY AF1
(DOWNHILL REGENERATIVE CONTROL PROGESS)

CALCULATE TEMPORARY TARGET DRIVE FORCE |54
Ftar_temp
(Ftar_temp <« Fbase + AF1)

CALCULATE BRAKING REGENERATIVE CORRECTION |S5
QUANTITY AF2
(DRIVABILITY FILTERING PROGESS)

CALCULATE TARGET DRIVE FORCE Ftar .

(Ftar < Ftar_temp + AF2)

(_ RETURN )




U.S. Patent Sep. 22, 2015 Sheet 3 of 11 US 9,139,106 B2

ROAD SURFACE
GRADIENT G [%]

FLAT . STEEP GRADIENT
VEHICLE SPEED ;
V [km/h] -
AP OPENING DEGREE
fap [DEGREES]
0= tmmme :
BP OPENING DEGREE
6bp [DEGREES]
0-+
TARGET DRIVE
FORCE FOR MOTOR : : : ;
+ . . .
Far (N A+ R ooe | ; ; |
L 7174 14770 //\<
t1 t2 t5
REGENERATIVE DOWNHILL
BASIC DRIVE REGENERATIVE
FORCE CORRECTION
Freg_base QUANTITY

AF1



U.S. Patent Sep. 22, 2015 Sheet 4 of 11 US 9,139,106 B2

TARGET
ACCELERATION
a_tar[m/s/s]

G2 G1

ROAD SURFACE —— 0
GRADIENT G [%]




U.S. Patent Sep. 22, 2015 Sheet 5 of 11 US 9,139,106 B2

FIG. 5
N
N
N\
\
\
\
N\
TARGET AN
ACCELERATION N 100
a_tar[m/s/s] N ;
\\ /
X
N\
Aa3\_|2al ™\
N 102
+) Ny
N \\
0___ .................................. '.\: ....... .\.\. ......
\.
N h
- N, :
' 106 LN
Ny Aa?
104 i
| i
G2 G1
ROAD SURFACE e

GRADIENT G [%]



U.S. Patent Sep. 22, 2015 Sheet 6 of 11 US 9,139,106 B2

FIG. 6

COMPARATIVE EXAMPLE

TARGET
ACCELERATION
a_tar[m/s/s]

G2 G1

ROAD SURFACE e
GRADIENT G ['%]




U.S. Patent Sep. 22, 2015 Sheet 7 of 11 US 9,139,106 B2

FIG. 7
SHIFTRANGE] D | B | D

VEHICLE SPEED | §

V [km/h] : } :

mo———e -~ T E
ACCELERATION : | §
a [m/s/s] : : :

§ | e -

0————— A fpm— e ————————
A /
e e
TARGET DRIVE | ;
FORCE FOR MOTOR : ;
Ftar[N] : :

YR SO S S

s wonon conm e — Er' ~~~~~~~~~~~~~~~~~~~

e
t11 £12 t13 t14
—— TINE
————— : ELECTRIC VEHICLE (COMPARATIVE VEHICLE) WHICH CARRIES

OUT ACCELERATOR REGENERATIVE CONTROL PROCESS AND
DOWNHILL REGENERATIVE CONTROL PROCESS

——————— . GENERAL GASOL INE-POWERED VEHICLE



U.S. Patent Sep. 22, 2015 Sheet 8 of 11 US 9,139,106 B2

FIG. 8

SHIFT RANGE| D | B(2nd) | D

VEHICLE SPEED : 5 | - .
v [km/h] . T - LT

- . °~. - s

s o e ot

. a—
f — o — - d
———— - '

ACCELERATION :
a [m/s/s];

- - -

ACCELERATION
ADDITIONAL
VALUE

a_add

TARGET DRIVE :
FORCE FOR MOTOR
Ftar[N] :

£21 22 123 t25 126 127
—— TINE

————— . ELECTRIC VEHICLE (COMPARATIVE VEHICLE) WHICH CARRIES
OUT ACCELERATOR REGENERATIVE CONTROL PROCESS AND
DOWNHILL REGENERATIVE CONTROL PROCESS

——————— : GENERAL GASOLINE-POWERED VEHICLE
. PRESENT EMBODIMENT




U.S. Patent

Sep. 22, 2015 Sheet 9 of 11

FIG. 9

CALCULATION OF DOWNHILL REGENERATIVE

CORREGTION QUANTITY AF1

(DOWNHILL REGENERATIVE CONTROL PROCESS)

(83)

ACQUIRE ACTUAL ACCELERATION a

CALCULATE TARGET ACCELERATION a_tar

CALCULATE DOWNHILL REGENERATIVE
CORRECTION QUANTITY AF1

( RETURN )

US 9,139,106 B2

ST

512

S13



U.S. Patent Sep. 22, 2015 Sheet 10 of 11 US 9,139,106 B2
FIG. 10
CALCULATION OF TARGET ACCELERATION
a_tar (S12)
$21
ESTIMATE ROAD SURFACE GRADIENT G
$22
<i B RANGE ? :>—————IEL—
YES
SELECT MAP FOR B RANGE 523
SELECT TARGET ACCELERATION a_tar [S24
CORRESPONDING TO ROAD SURFACE
GRADIENT G
RESET TIMER 525
$26
SELECT MAP FOR D RANGE
S27

SELECT TARGET ACCELERATION
a_tar CORRESPONDING TO ROAD
SURFACE GRADIENT G

S28

SWITCHING

T0 D RANGE

es /PRESCRIBED TINE ELAPSED AFTER
\  (TIMER COUNT VALUE = 0) ?

NO

S29

ADD ACCELERATION ADDITIONAL VALUE a_add
(a_tar (NEW) < a_tar (OLD) + a_add)

( RETURN )



U.S. Patent Sep. 22, 2015 Sheet 11 of 11 US 9,139,106 B2

RESET STATE

SHIFT RANGE[ D | B | D . |

31 132 t33 t34



US 9,139,106 B2
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METHOD OF CONTROLLING ELECTRIC
VEHICLE

TECHNICAL FIELD

The present invention relates to a method of controlling an
electric vehicle having a shift range switching device, e.g., a
shift lever, for switching between a first forward driving range
and a second forward driving range as shift ranges inresponse
to an input operation performed by the driver of the electric
vehicle, and more particularly to a method of controlling an
electric vehicle capable of suitably performing a regenerative
control process in the first forward driving range and the
second forward driving range.

BACKGROUND ART

U.S. Patent Application Publication No. 2009/0112386
(hereinafter referred to as “US 2009/0112386 A1”) discloses
a regenerative control process for an electric motor on an
electric vehicle while the electric vehicle is driving on a
downbhill road. More specifically, US 2009/0112386 A1 has
the task of operating the electric motor in a regenerative mode
while the electric vehicle is driving on a downhill road, in
order to cause the vehicle to generate an acceleration suitable
for the gradient of the road surface while at the same time
minimizing the influences of disturbance factors (see
Abstract and paragraph [0007]). In order to carry out the task,
according to US 2009/0112386 A1, the electric vehicle has a
device 25 for determining, depending on the gradient of the
road surface, a target acceleration of the vehicle 1 if the
operational states of an accelerator pedal and a brake pedal of
the vehicle 1 are an OFF state when the vehicle 1 is driving on
a downhill road, a device 26 for determining a correction
quantity ATrd of a regenerative torque for bringing the actual
acceleration of the vehicle 1 close to the target acceleration, a
device 21 for determining a basic target torque Trs of an
electric motor 2, which becomes a regenerative torque at the
time the operational state of the accelerator pedal is the OFF
state, depending on the operational state of the accelerator
pedal, and a device 27 for determining a target torque Trc by
correcting the basic target torque Trs with at least the correc-
tion quantity ATrd, wherein the output torque of the electric
motor 2 is controlled depending on the target torque Trc (see
Abstract).

Electric vehicles include an electric vehicle that is capable
of'driving forward in a plurality of modes, or stated otherwise,
an electric vehicle having a plurality of forward driving
ranges {International Publication No. 2010/110098 (herein-
after referred to as “WO 2010/110098 A1”)}. WO 2010/
110098 A1 shows a D position and a B position as corre-
sponding to forward driving positions among the shift
positions of a shift lever 32 (see FIG. 2). The D position
corresponds to a D range which is a forward driving range for
transmitting the drive force for moving the vehicle forward to
the drive wheels, whereas the B position corresponds to a
decelerated forward driving range (engine braking range) for
generating an engine braking effect to decelerate the drive
wheels by causing the electric motor to generate a regenera-
tive torque, for example, in the D range (see paragraphs
[0049] and [0050]).

SUMMARY OF INVENTION

According to US 2009/0112386 A1, as described above, it
is possible to perform a regenerative control process suitable
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for a downhill road. However, the regenerative control pro-
cess does not take into account a plurality of forward driving
ranges.

The present invention has been made in view of the above
problems. It is an object of the present invention to provide a
method of controlling an electric vehicle which is capable of
suitably performing a regenerative control process at the time
aplurality of forward driving ranges are switched from one to
another.

According to the present invention, there is provided a
method of controlling an electric vehicle having a range
switching device for switching between a first forward driv-
ing range and a second forward driving range as shift ranges
in response to an input operation performed by the driver of
the electric vehicle, the method including, when the driver
closes an accelerator of the electric vehicle on a flat road,
carrying out an accelerator regenerative control process for
applying, to the electric vehicle, a braking force equivalent to
engine braking by regenerative electric generation by an elec-
tric motor, wherein the deceleration of the electric vehicle in
the accelerator regenerative control process at the time the
second forward driving range is selected, is greater than the
deceleration of the electric vehicle in the accelerator regen-
erative control process at the time the first forward driving
range is selected, when the electric vehicle is driving on a
downhill road, carrying out a downhill regenerative control
process for adjusting the amount of electric power regener-
ated by the electric motor such that the acceleration of the
electric vehicle at the time the accelerator is closed, is equal to
adownhill acceleration depending on a road surface gradient,
wherein the downhill acceleration at the time the second
forward driving range is selected, is smaller than the downbhill
acceleration at the time the first forward driving range is
selected, throughout a region of the road surface gradient that
is established as a control range, and carrying out an accel-
eration increasing control process for setting the downhill
acceleration at the time of switching from the second forward
driving range to the first forward driving range while the
electric vehicle is driving on the downbhill road, at least tem-
porarily to an acceleration in excess of the downhill accelera-
tion obtained on the assumption that the electric vehicle is
driving continuously in the first forward driving range at the
same road surface gradient as the road surface gradient of the
downhill road on which the electric vehicle is currently driv-
ing.

According to the present invention, at the time the range is
switched from the second forward driving range to the first
forward driving range while the electric vehicle is driving on
the downhill road, the downhill acceleration is set at least
temporarily to a downhill acceleration in excess of the normal
downhill acceleration for the first forward driving range, i.e.,
the downhill acceleration obtained on the assumption that the
electric vehicle is driving continuously in the first forward
driving range at the same road surface gradient as the road
surface gradient of the downhill road on which the electric
vehicle is currently driving. Therefore, at the time of switch-
ing from the second forward driving range to the first forward
driving range, the downhill acceleration of the electric vehicle
becomes greater than normal even if the downhill regenera-
tive control process is performed in the first forward driving
range. Consequently, it is possible to achieve compatibility
between an acceleration feel which the driver expects to have
by switching from the second forward driving range to the
first forward driving range and the downhill regenerative
control process that adjusts the downhill acceleration depend-
ing on the road surface gradient.
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The above method may further include carrying out, after
the acceleration increasing control process, an acceleration
restoring control process for restoring the downhill accelera-
tion to the downhill acceleration obtained on the assumption
that the electric vehicle is driving continuously in the first
forward driving range at the same road surface gradient as the
road surface gradient of the downhill road on which the
electric vehicle is currently driving.

The absolute value of a rate of change of the downhill
acceleration according to the acceleration increasing control
process may be greater than the absolute value of a rate of
change of the downhill acceleration according to the accel-
eration restoring control process.

According to the present invention, there is also provided a
method of controlling an electric vehicle having a range
switching device for switching between a first forward driv-
ing range and a second forward driving range as shift ranges
in response to an input operation performed by the driver of
the electric vehicle, the method including, when the driver
closes an accelerator of the electric vehicle on a flat road,
carrying out an accelerator regenerative control process for
applying, to the electric vehicle, a braking force equivalent to
engine braking by regenerative electric generation by an elec-
tric motor, wherein the deceleration of the electric vehicle in
the accelerator regenerative control process at the time the
second forward driving range is selected, is greater than the
deceleration of the electric vehicle in the accelerator regen-
erative control process at the time the first forward driving
range is selected, when the electric vehicle is driving on a
downbhill road, carrying out, in at least the first forward driv-
ing range, a downhill regenerative control process for adjust-
ing the amount of electric power regenerated by the electric
motor such that the acceleration of the electric vehicle at the
time the accelerator is closed, is equal to a downhill accelera-
tion depending on a road surface gradient, and carrying out an
acceleration increasing control process for setting the down-
hill acceleration at the time of switching from the second
forward driving range to the first forward driving range while
the electric vehicle is driving on the downhill road, at least
temporarily to an acceleration in excess of the downhill accel-
eration obtained on the assumption that the electric vehicle is
driving continuously in the first forward driving range at the
same road surface gradient as the road surface gradient of the
downbhill road on which the electric vehicle is currently driv-
ing.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of an overall arrangement of an
electric vehicle according to an embodiment of the present
invention;

FIG. 2 is a flowchart of a process of controlling the drive
force of a traction motor in a D range or a B range according
to the embodiment;

FIG. 3 is a timing chart showing by way of example the
relationship between the road surface gradient, the vehicle
speed, the accelerator pedal opening degree, the brake pedal
opening degree, and the target drive force for the traction
motor in various control processes according to the embodi-
ment;

FIG. 4 is a characteristic diagram showing by way of
example the relationship between the road surface gradient
and the target acceleration used in a downhill regenerative
control process while the D range is being selected;

FIG. 5 is a characteristic diagram showing by way of
example the relationship between the road surface gradient
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and the target acceleration for each of the D range and the B
range used in the embodiment;

FIG. 6 is a characteristic diagram showing by way of
example the relationship between the road surface gradient
and the target acceleration for each of the D range and the B
range used in a comparative example;

FIG. 7 is a timing chart illustrating problems caused by
continuing the downhill regenerative control process at the
time the range is switched from the B range to the D range;

FIG. 8 is a timing chart illustrating an acceleration increas-
ing control process and an acceleration restoring control pro-
cess according to the embodiment;

FIG. 9 is a flowchart of a process of calculating a downhill
regenerative correction quantity (downbhill regenerative con-
trol process) (details of S3 in FIG. 2) according to the embodi-
ment;

FIG. 10 is a flowchart of a process of calculating a target
acceleration (details of S12 in FIG. 9) according to the
embodiment; and

FIG. 11 is a diagram showing by way of example how a
timer operates in the acceleration increasing control process
and the acceleration restoring control process.

DESCRIPTION OF EMBODIMENTS
A. Embodiments
1. Description of Overall Arrangement

[1-1. Overall Arrangement]

FIG. 1 shows in block form an overall arrangement of an
electric vehicle 10 according to an embodiment of the present
invention. The electric vehicle 10 (hereinafter also referred to
as “vehicle 10”) includes a traction motor (hereinafter
referred to as “motor 12”), an inverter 14, a battery 16, an
accelerator pedal 18, an accelerator pedal opening degree
sensor 20 (hereinafter referred to as “AP opening degree
sensor 20”), a brake pedal 22, a brake pedal opening degree
sensor 24 (hereinafter referred to as “BP opening degree
sensor 24”), a shift lever 26 (range switching device), a shift
position sensor 28, a vehicle speed sensor 30, an acceleration
sensor 32, and an electronic control unit 34 (hereinafter
referred to as “ECU 34”).

[1-2. Electric Power System|

The motor 12 (electric motor) comprises a three-phase AC
brushless motor which generates a drive force (hereinafter
referred to as “motor drive force F” or “drive force F*) [N] (or
torque [N'm]) for the vehicle 10 based on electric power
supplied from the battery 16 through the inverter 14. The
motor 12 also operates in a regenerative mode to regenerate
electric power (hereinafter referred to as “regenerated electric
power Preg”) [ W] and supplies the regenerated electric power
Preg to the battery 16 to charge the battery 16. The motor 12
may supply the regenerated electric power Preg to auxiliaries,
not shown.

The inverter 14, which is of the three-phase bridge con-
figuration, performs DC/AC conversion, converts direct cur-
rent into three-phase alternating current and supplies the
three-phase alternating current to the motor 12. Further, when
the motor 12 operates in the regenerative mode, the inverter
14 converts alternating current into direct current and sup-
plies the direct current to the battery 16.

The battery 16 comprises an electric energy storage device
(energy storage device) including a plurality of battery cells,
and may be a lithium ion secondary battery, a nickel hydrogen
secondary battery, a capacitor, or the like. According to the
present embodiment, a lithium ion secondary battery is used
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as the battery 16. A DC/DC converter, not shown, may be
connected between the inverter 14 and the battery 16 for
stepping up or down the output voltage from the battery 16 or
the output voltage from the motor 12.
[1-3. Various Sensors|

The AP opening degree sensor 20 detects a depressed
amount (hereinafter referred to as “AP opening degree 6ap™)
[degrees]| of the accelerator pedal 18 from its original posi-
tion, and supplies the detected AP opening degree Oap to the
ECU 34. The BP opening degree sensor 24 detects a
depressed amount (hereinafter referred to as “BP opening
degree Obp”) [degrees] of the brake pedal 22 from its original
position, and supplies the detected BP opening degree Obp to
the ECU 34.

The shift position sensor 28 detects a position (hereinafter
referred to as “shift position Ps”) of the shift lever 26, and
supplies the detected shift position Ps to the ECU 34. Accord-
ing to the present embodiment, the shift positions Ps include
“P” corresponding to a parking range as a shift range, “N”
corresponding to a neutral range as a shift range, “R” corre-
sponding to a reverse driving range as a shift range, “D”
corresponding to a D range (first forward driving range) as a
shift range, and “B” corresponding to a B range (second
forward driving range) as a shift range.

Each of the D range and the B range is a forward driving
range as a shift range. The D range is used when the vehicle 10
is driven normally, i.e., when the vehicle 10 is driving not in
the B range. The B range is a shift range in which the amount
of electric power regenerated by the motor 12 is made greater
than in the D range when the driver of the vehicle 10 wants to
increase the amount of electric power regenerated by the
vehicle 10, i.e., the motor 12 (e.g., when the vehicle 10 is
driving on a downhill road).

The vehicle speed sensor 30 detects an actual vehicle speed
V [km/h] of the vehicle 10 and supplies the detected actual
vehicle speed V to the ECU 34. The acceleration sensor 32
detects an actual acceleration a [m/s/s] of the vehicle 10 and
supplies the detected actual acceleration a to the ECU 34.
According to the present embodiment, the acceleration a is
used to estimate the gradient (hereinafter referred to as “road
surface gradient G or “gradient G”) of the road on which the
vehicle 10 is driving, as described in detail later.

[1-4. ECU 34]

The ECU 34 controls the inverter 14 based on output sig-
nals from the various sensors to control the output power of
the motor 12 (electric motor output power). The ECU 34 has
an input/output unit, a processor, and a memory, all not
shown.

2. Control Processes According to the Present
Embodiment

Various control processes according to the present embodi-
ment will be described below.

[2-1. Motor Drive Force Control Process]

FIG. 2 is a flowchart of a process of controlling the drive
force F of the motor 12 in the D range or the B range according
to the embodiment. The process shown in FIG. 2 is applicable
where the vehicle 10 is in either a power mode or a regenera-
tive mode. According to the present embodiment, a target
value (hereinafter referred to as “target drive force Ftar”) [N]
for the drive force F of the motor 12 may be calculated
basically by a process similar to the process disclosed in US
2009/0112386 Al. Specifically, whereas US 2009/0112386
Al uses the torque of the electric motor 2 as a controlled
quantity, the present embodiment handles the motor drive
force F as controlled quantity in place of the torque. The

10

15

20

25

30

35

40

45

50

55

60

65

6

torque can be calculated by multiplying the drive force F by
the radius of a road wheel, not shown.

In step S1 shown in FIG. 2, the ECU 34 judges whether or
not the shift range corresponding to the shift position Ps
detected by the shift position sensor 28 is the D range or the B
range. [f the shift range is not the D range or the B range, i.e.,
if the shift range is the P range, the N range, or the R range
(S1: NO), then the process shown in FIG. 2 is ended, and a
target driver force Ftar is separately established for the motor
12. If the shift range is the D range or the B range (S1: YES),
then control goes to step S2.

In step S2,the ECU 34 calculates a basic drive force Fbase.
The ECU 34 calculates the basic drive force Fbase based on
the AP opening degree Oap detected by the AP opening degree
sensor 20, the shift position Ps (or shift range) detected by the
shift position sensor 28, and the vehicle speed V detected by
the vehicle speed sensor 30. Specifically, the ECU 34 calcu-
lates the basic drive force Fbase using a map of basic drive
forces Fbase in combination with AP opening degrees 0ap
and vehicle speeds V depending on shift positions Ps (shift
ranges). For illustrative purposes, it is assumed that a basic
drive force Fbase for driving the vehicle 10 in the power mode
is of a positive value, whereas a basic drive force Fbase for
operating the vehicle 10 in the regenerative mode is of a
negative value.

The AP opening degree Bap and the vehicle speed V are
used in the same manner as with US 2009/0112386 A1, and
the basic drive force Fbase corresponds to the basic target
torque Trs disclosed in US 2009/0112386 Al. Consequently,
abasic drive force Fbase can be calculated in the same manner
as the basic target torque Trs disclosed in US 2009/0112386
Al (see paragraphs [0071] and [0082] of US 2009/0112386
Al).

However, according to the present embodiment, the
vehicle 10 has the D range and the B range each as a shift
range for driving the vehicle 10 forward, unlike US 2009/
0112386 A1l. According to the present embodiment, a map of
basic drive forces Fbase in combination with AP opening
degrees Oap and vehicle speeds V is established in advance for
each of the D range and the B range, and a basic drive force
Fbase is calculated using the map. As described above, the
amount of electric power regenerated by the motor 12 is
greater in the B range than in the D range. Consequently, a
basic drive force Fbase in the regenerative mode is smaller in
the B range (its absolute value is greater because a basic drive
force Fbase for operating the vehicle 10 in the regenerative
mode is of a negative value).

According to the present embodiment, a process for con-
trolling a basic drive force Fbase for operating the vehicle 10
in the regenerative mode will be referred to as “accelerator
regenerative control process” as distinguished from “down-
hill regenerative control process” to be described below.

In step S3, the ECU 34 performs a downhill regenerative
control process and calculates a downhill regenerative cor-
rection quantity AF1. The downhill regenerative correction
quantity AF1 is used to accelerate the vehicle 10 gradually
while the vehicle 10 is driving on a downhill road, and is
similar to the downhill road regenerative correction quantity
ATrd disclosed in US 2009/0112386 Al (see paragraph
[0074] of US 2009/0112386 Al). According to the present
embodiment, however, the downhill regenerative correction
quantity AF1 is suitable for the vehicle 10 which has a plu-
rality of forward driving ranges (the D range and the B range).
Details of the calculation of the downhill regenerative correc-
tion quantity AF1 (downhill regenerative control process)
will be described later with reference to FIGS. 3, 9, 10, etc.
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In step S4 in FIG. 2, the ECU 34 calculates a temporary
target drive force Ftar_temp. Specifically, the ECU 34 calcu-
lates the sum of the basic drive force Fbase calculated in step
S2 and the downhill regenerative correction quantity AF1
calculated in step S3 as a temporary target drive force Ftar_
temp.

In step S5, the ECU 34 calculates a braking regenerative
correction quantity AF2. The braking regenerative correction
quantity AF2 is a correction quantity for the motor drive force
F which is set in response to the brake pedal 22 being
depressed, and is used to enhance the drivability of the vehicle
10. The braking regenerative correction quantity AF2 is simi-
lar to the braking regenerative correction quantity ATrb dis-
closed in US 2009/0112386 A1 in that it is established based
on the BP opening degree 0bp. Therefore, the braking regen-
erative correction quantity AF2 can be calculated in the same
manner as the braking regenerative correction quantity ATrb
disclosed in US 2009/0112386 Al, for example (see para-
graphs [0073] and [0084] of US 2009/0112386 Al). A pro-
cess of correcting the temporary target drive force Ftar_temp
using the braking regenerative correction quantity AF2 is
referred to as a drivability filtering process.

In step S6, the ECU 34 calculates a target drive force Ftar.
Specifically, the ECU 34 calculates the sum of the temporary
target drive force Ftar_temp calculated in step S4 and the
braking regenerative correction quantity AF2 calculated in
step S5 as a target drive force Ftar.

[2-2. Calculation of Downhill Regenerative Correction
Quantity AF1 (Downhill Regenerative Control Process)|
(2-2-1. Concept of Downhill Regenerative Control Process)

The concept of the downhill regenerative control process
according to the present embodiment will be described below.
FIG. 3 is a timing chart showing by way of example the
relationship between the road surface gradient G, the vehicle
speed V, the AP opening degree Oap, the BP opening degree
0bp, and the target drive force Ftar for the motor 12 in the
various control processes according to the present embodi-
ment. For illustrative purposes, the road surface gradient G
shown in FIG. 3 is 0% when the road is flat, is of a positive
value when the road is uphill, and is of a negative value when
the road is downhill (The same will apply hereinafter).

As shown in FIG. 3, the gradient of the road on which the
vehicle 10 is driving, i.e., the road surface gradient G, is 0%
(i.e., flat road) from time t1 to time t2, and becomes lower
from time t2 toward time t5, i.e., the gradient G of the down-
hill road becomes sharper from time t2 toward time t5. At time
12, the driver returns the accelerator pedal 18 to its original
position, causing the AP opening degree Bap to return to zero.
When the various control processes according to the present
embodiment are used at this time, the vehicle speed V
increases more gradually than the road surface gradient G
decreases, i.e., the absolute value of the road surface gradient
G increases.

Specifically, according to the present embodiment, when
the AP opening degree Bap goes to zero at time t2, the basic
drive force Fbase reaches a predetermined value (hereinafter
referred to as “regenerative basic drive force Freg_base™)
(accelerator regenerative control process). The regenerative
basic drive force Freg_base is of a fixed value which is set
when the AP opening degree Oap is zero, and represents a
drive force F corresponding to engine braking which is gen-
erated by a regenerative electric generation process per-
formed by the motor 12. After the vehicle 10 has entered the
downbhill road at time t2, the driver does not depress the brake
pedal 22, keeping the BP opening degree 8bp at zero. There-
fore, if only the regenerative basic drive force Freg_base,
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which is of a fixed value for the regenerative mode, is applied,
then the vehicle speed V tends to increase sharply.

According to the present embodiment, the downhill regen-
erative correction quantity AF1 established according to the
downhill regenerative control process is used. Specifically,
according to the present embodiment, the downhill regenera-
tive correction quantity AF1 is established depending on the
road surface gradient G in addition to the regenerative basic
drive force Freg_base. For example, since the road surface
gradient G is continuously decreasing, i.e., the absolute value
of the road surface gradient G is continuously increasing,
after time t2, the downhill regenerative correction quantity
AF1 is increased. Consequently, while the vehicle 10 is driv-
ing on the downhill road, the vehicle 10 can be accelerated
gradually without the driver depressing the brake pedal 22.
(2-2-2. Characteristics for Achieving the Downhill Regenera-
tive Control Process)

FIG. 4 is a characteristic diagram showing by way of
example the relationship between the road surface gradient G
and the target acceleration a_tar used in a downhill regenera-
tive control process while the D range is being selected. The
characteristics shown in FIG. 4 are plotted when the vehicle
speed V is of a certain value, and may be changed depending
on the vehicle speed V. Stated otherwise, characteristic dia-
grams (maps) as shown in FIG. 4 are plotted for respective
different values of the vehicle speed V, and one of them is
selected and used depending on the vehicle speed V. Accord-
ing to the present embodiment, not only the characteristics for
the D range shown in FIG. 4, but also the characteristics for
both the D range and the B range (see FIG. 5), are used.

In FIG. 4, a characteristic curve 100 indicated by the bro-
ken line is applied when only the regenerative basic drive
force Freg_base (accelerator regenerative control process) is
used, and a characteristic curve 102 indicated by the solid line
is applied when both the regenerative basic drive force Freg
base (accelerator regenerative control process) and the down-
hill regenerative correction quantity AF1 (downhill regenera-
tive control process) are used. According to the present
embodiment, as described above, since both the regenerative
basic drive force Freg base (accelerator regenerative control
process) and the downhill regenerative correction quantity
AF1 (downhill regenerative control process) are used, the
characteristic curve 102 indicated by the solid line is used in
the present embodiment. It should be noted that the charac-
teristic curve 100 indicated by the broken line is illustrated for
reference only, and is not used in the present embodiment.

As shown in FIG. 4, the characteristic curve 102 used in the
present embodiment is the same as the characteristic curve
100 when the road surface gradient G changes from zero to a
given value G1. Stated otherwise, the downhill regenerative
control process is inhibited when the road surface gradient G
changes from zero to a given value G1. Between the value G1
and a value G2, as the road surface gradient G decreases, i.e.,
the absolute value of the road surface gradient G increases,
the characteristic curve 102 deviates from the characteristic
curve 100. Thatis, the target acceleration a_tar represented by
the characteristic curve 102 is lower than the target accelera-
tion a_tar represented by the characteristic curve 100, thereby
making it possible for the vehicle 10 to accelerate gradually
on the downhill road. When the road surface gradient G
becomes smaller than the value G2, i.e., when the absolute
value of the road surface gradient G becomes greater than that
of the value G2, the difference (hereinafter referred to as
“difference Aal”) between the target acceleration a_tar rep-
resented by the characteristic curve 102 and the target accel-
eration a_tar represented by the characteristic curve 100
becomes constant.
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According to the downhill regenerative control process, as
described above, inasmuch as the downhill regenerative cor-
rection quantity AF1 is used in addition to the regenerative
basic drive force Freg_base, the vehicle is able to accelerate
gradually on the downbhill road, whereby the manipulation
performance by the driver is enhanced.

(2-2-3. Road Surface Gradient G Versus Target Acceleration
a_tar Characteristics for D Range and B Range)

According to the present embodiment, as described above,
the vehicle 10 has the B range in addition to the D range as
shift ranges for driving the vehicle 10 forward. According to
the present embodiment, road surface gradient G versus tar-
get acceleration a_tar characteristics are established for
respective different values of the vehicle speed V for each of
the D range and the B range.

FIG. 5 is a characteristic diagram showing by way of
example the relationship between the road surface gradient G
and the target acceleration a_tar for each of the D range and
the B range used in the present embodiment. The character-
istics shown in FIG. 5 are plotted when the vehicle speed V is
of a certain value, and may be changed depending on the
vehicle speed V. Stated otherwise, characteristic diagrams
(maps) as shown in FIG. 5 are plotted for respective different
values of the vehicle speed V, and one of them is selected and
used depending on the vehicle speed V.

In FIG. 5, a characteristic curve 100 indicated by the bro-
ken line and a characteristic curve 102 indicated by the solid
line are identical to those shown in FIG. 4. The characteristic
curve 102 is used for the D range according to the present
embodiment, and the characteristic curve 100 is shown for
reference only, not used in the present embodiment.

A characteristic curve 104 indicated by the dot-and-dash
line is applied when only the regenerative basic drive force
Freg_base (accelerator regenerative control process) is used
forthe B range, and a characteristic curve 106 indicated by the
solid line is applied when both the regenerative basic drive
force Freg_base (accelerator regenerative control process)
and the downhill regenerative correction quantity AF1 (down-
hill regenerative control process) are used for the B range.
According to the present embodiment, as described above,
since both the regenerative basic drive force Freg_base and
the downhill regenerative correction quantity AF1 are used
also for the B range, the characteristic curve 106 indicated by
the solid line is used in the present embodiment. It should be
noted that the characteristic curve 104 indicated by the dot-
and-dash line is illustrated for reference only, and is not used
in the present embodiment.

A comparison of the characteristic curve 102 for the D
range and the characteristic curve 106 for the B range indi-
cates that the target acceleration a_tar for the B range is
smaller than the target acceleration a_tar for the D range at the
same road surface gradient G. This is because the amount of
electric power regenerated by the motor 12 (regenerated elec-
tric power Preg) is greater for the B range than for the D range.
Therefore, the amount of charge for the battery 16 is greater
when the B range is used.

When the road surface gradient G is equal, the target accel-
eration a_tar represented by the characteristic curve 106 for
the B range is set to be always lower than the target accelera-
tion a_tar represented by the characteristic curve 102 for the
D range. More specifically, according to the present embodi-
ment, the difference between the target acceleration a_tar
represented by the characteristic curve 102 for the D range
and the target acceleration a_tar represented by the charac-
teristic curve 106 for the B range is always constant at any
value of the road surface gradient G. In other words, the
difference (hereinafter referred to as “difference Aa2”)
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between the characteristic curve 102 and the characteristic
curve 106 in a region wherein the road surface gradient G
changes from zero to the value G1, i.e., a region wherein the
downhill regenerative control process is inhibited, and the
difference (hereinafter referred to as “difference Aa3”)
between the characteristic curve 102 and the characteristic
curve 106 in a region wherein the road surface gradient G is
lower than the value (i1, i.e., a region wherein the downhill
regenerative control process is permitted, are constant and
equal to each other. Consequently, in a case where the range
is switched from the D range to the B range when the vehicle
10 is driving on the downhill road, the vehicle 10 is more
decelerated than before.

Characteristics shown in FIG. 6 according to a comparative
example will be described below in order to illustrate the
advantages of the above characteristic curves 102, 106. FIG.
6 is a characteristic diagram showing by way of example the
relationship between the road surface gradient G and the
target acceleration a_tar for each of the D range and the B
range used in a comparative example. The characteristics
shown in FIG. 6 are plotted at the same vehicle speed V as the
characteristics shown in FIG. 5.

A characteristic curve 200 indicated by the broken line and
a characteristic curve 202 indicated by the solid line in FIG. 6
are identical to the characteristic curves 100, 102 shown in
FIG. 5. A characteristic curve 204 indicated by the dot-and-
dash line in FIG. 6 is identical to the characteristic curve 104
(forreference only) indicated by the dot-and-dash line in FIG.
5. In the comparative example, the characteristic curve 204 is
actually used for the B range. Stated otherwise, the charac-
teristic curve 106 for the B range indicated by the solid line in
FIG. 5 is not used in the comparative example.

According to the comparative example shown in FIG. 6, as
can be seen from the above description, when the vehicle 10
is driving in the D range, both the regenerative basic drive
force Freg base (accelerator regenerative control process)
and the downhill regenerative correction quantity AF1 (down-
hill regenerative control process) are used, and when the
vehicle 10 is driving in the B range, only the regenerative
basic drive force Freg base (accelerator regenerative control
process) is used.

When the road surface gradient G becomes smaller than the
value G2, i.e., when the absolute value of the road surface
gradient G becomes greater than that of the value G2, the
characteristic curve 202 for the D range and the characteristic
curve 204 for the B range agree with each other in an elliptical
region 206 indicated by the broken line. Therefore, even when
the range is switched from the D range to the B range while
the vehicle 10 is driving on the downhill road whose road
surface gradient G is smaller than the value G2, i.e., on a
downhill road steeper than the road having the value G2, the
target acceleration a_tar remains unchanged. As a result, the
driver tends to feel strange and uncomfortable.

In addition, when the range is switched from the D range to
the B range, it is considered that the driver is seeking a greater
deceleration. According to the comparative example shown in
FIG. 6, however, even when the driver changes from the D
range to the B range, since the target acceleration a_tar
remains unchanged, the deceleration of the vehicle 10 does
not increase. As a result, the driver is possibly forced to
depress the brake pedal 22, thereby tending to impair the
driving performance of the vehicle 10.

In contrast thereto, according to the present embodiment,
the above problems can be solved because the characteristic
curves 102, 106 shown in FIG. 5 are used.
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(2-2-4. Acceleration Increasing Control Process)
(2-2-4-1. Problems)

As described above, the downhill regenerative control pro-
cess according to the present embodiment uses the character-
istic curves 102, 106 shown in FIG. 5. Therefore, during the
downbhill regenerative control process, when the range is
switched from the D range to the B range, the target accel-
eration a_tar decreases, and when the range is switched from
the B range to the D range, the target acceleration a_tar
increases. However, even when the range is switched from the
B range to the D range, if the downhill regenerative control
process continues, i.e., if the characteristic curve 102 shown
in FIG. 5 is used, then the target acceleration a_tar is lower
than if only the accelerator regenerative control process is
carried out, i.e., if the characteristic curve 100 shown in FIG.
5 is used.

FIG. 7 is a timing chart illustrating problems caused by
continuing the downhill regenerative control process at the
time the range is switched from the B range to the D range.
More specifically, FIG. 7 is a timing chart of the vehicle speed
V and the acceleration a of each of an electric vehicle (here-
inafter referred to as “comparative vehicle”) according to a
comparative example which performs the accelerator regen-
erative control process and the downhill regenerative control
process and a general gasoline-powered vehicle whose per-
formance is equivalent to the comparative vehicle, and the
target drive force Ftar for the motor 12 of the comparative
vehicle. It is assumed that the acceleration a of the compara-
tive vehicle is equal to the target acceleration a_tar. FIG. 7
does not show any corresponding data of the general gaso-
line-powered vehicle in the field “TARGET DRIVE FORCE
Ftar FOR MOTOR”.

From time t11 to time t14 in FIG. 7, each broken-line curve
shows by way of example data of the comparative vehicle
which performs the accelerator regenerative control process
and the downbhill regenerative control process. From time t13
to time t14 in FIG. 7, dot-and-dash-line curves representing
the vehicle speed V and the acceleration a show by way of
example data of the general gasoline-powered vehicle. It
should be noted that from time t11 to time t13, no data of the
general gasoline-powered vehicle are shown in FIG. 7.

From time t11 to time t14 in FIG. 7, the road is downhill,
and the road surface gradient G between time t12 and time t13
is smaller (i.e., greater in absolute value) and steeper than
between time t11 and time t12 and between time t13 and time
t14. Therefore, the D range is selected between time t11 and
time t12 and between time t13 and time t14, and the B range
is selected between time t12 and time t13.

The general gasoline-powered vehicle can achieve a decel-
eration corresponding to the deceleration according to the
accelerator regenerative control process because the gaso-
line-powered vehicle is capable of performing engine-brak-
ing, but does not perform a function or a control process
corresponding to the downhill regenerative control process.
The comparative vehicle performs both the accelerator regen-
erative control process and the downhill regenerative control
process. Thus, whereas the general gasoline-powered vehicle
does not perform a function or a control process correspond-
ing to the downbhill regenerative control process, the compara-
tive vehicle performs both the accelerator regenerative con-
trol process and the downhill regenerative control process.
Consequently, from time t13 to time t14, the comparative
vehicle has a smaller acceleration a than the general gasoline-
powered vehicle. Thus, even when the driver of the compara-
tive vehicle switches from the B range to the D range, the
driver may possibly feel strange and uncomfortable because
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the acceleration of the electric vehicle does not increase suf-
ficiently and the driver fails to have an acceleration feel as
expected.

In view of the above problems, when the range is switched
from the B range to the D range, the electric vehicle 10
according to the present embodiment carries out an accelera-
tion increasing control process for increasing the target accel-
eration a_tar temporarily and thereafter carries out an accel-
eration restoring control process for restoring the target
acceleration a_tar to its normal value (the value represented
by the characteristic curve 102 shown in FIG. 5).

(2-2-4-2. Overview of Acceleration Increasing Control Pro-
cess and Acceleration Restoring Control Process)

FIG. 8is atiming chart illustrating the acceleration increas-
ing control process and the acceleration restoring control
process according to the present embodiment. More specifi-
cally, FIG. 8 is a timing chart of the vehicle speed V and the
acceleration a of each of the comparative vehicle (the electric
vehicle according to the comparative example which per-
forms the accelerator regenerative control process and the
downhill regenerative control process), the general gasoline-
powered vehicle (whose performance is equivalent to the
comparative vehicle), and the electric vehicle 10 according to
the present embodiment, and the target drive force Ftar for the
motor 12 of each of the comparative vehicle and the electric
vehicle 10 according to the present embodiment. It is
assumed that the acceleration a of the comparative vehicle
and the electric vehicle 10 is equal to the target acceleration
a_tar.

In FIG. 8, each broken-line-curve represents by way of
example data of the comparative example, each dot-and-
dash-line curve represents by way of example data of the
general gasoline-powered vehicle, and each solid-line curve
represents by way of example data of the electric vehicle 10
according to the present embodiment. FIG. 8 does not show
any corresponding data of the general gasoline-powered
vehicle in the field “TARGET DRIVE FORCE Ftar FOR
MOTOR”.

From time t21 to time t27 in FIG. 8, the road is downhill,
and the road surface gradient G between time t22 and time t23
is smaller (i.e., greater in absolute value) and steeper than
between time t21 and time t22 and between time 123 and time
127. Therefore, the D range is selected between time 121 and
time t22 and between time 123 and time t27, and the B range
is selected (a second range corresponding to the B range is
selected in the general gasoline-powered vehicle) between
time 122 and time t23.

In FIG. 8, the vehicle speed V of the general gasoline-
powered vehicle is higher than the vehicle speed V of the
comparative vehicle and the electric vehicle 10. This is
because the general gasoline-powered vehicle is capable of
performing engine-braking, but does not perform a function
or a control process corresponding to the downhill regenera-
tive control process.

From time t21 to time 123, the vehicle speeds V, the accel-
erations a, and the target drive forces Ftar for the motor 12 of
the comparative vehicle and the electric vehicle 10 are iden-
tical to each other. From time t23, at which the range is
switched from the B range to the D range, to time 126, the
vehicle speed V, the acceleration a, and the target drive force
Ftar for the motor 12 of the electric vehicle 10 are greater than
those of the comparative vehicle. Stated otherwise, the
vehicle speed V, the acceleration a, and the target drive force
Ftar for the motor 12 of the electric vehicle 10 increase in the
same manner as with the general gasoline-powered vehicle.
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This is because the electric vehicle 10 according to the present
embodiment performs the acceleration increasing control
process.

As described above, when the range is switched from the B
range to the D range, the electric vehicle 10 increases the
vehicle speed V, the acceleration a, and the target drive force
Ftar for the motor 12, whereby the vehicle 10 makes it pos-
sible to accelerate in the same manner as with the general
gasoline-powered vehicle.

From time t25 to time 126, the temporary increase in the
target acceleration a_tar is gradually reduced (acceleration
restoring control process). At time 126, the vehicle speeds V,
the accelerations a, and the target drive forces Ftar for the
motor 12 of the comparative vehicle and the electric vehicle
10 become identical to each other, and thereafter continue to
be identical to each other.

(2-2-5. Details of Calculation of the Downhill Regenerative
Correction Quantity AF1 (Downhill Regenerative Control
Process))

Details of the calculation of a downhill regenerative cor-
rection quantity AF1 (FIG. 3) (downhill regenerative control
process) in step S3 in FIG. 2 will be described below. FIG. 9
is a flowchart of a process of calculating a downhill regenera-
tive correction quantity AF1 (downbhill regenerative control
process) (details of S3 in FIG. 2) according to the present
embodiment.

In step S11, the ECU 34 acquires the actual acceleration a
of'the vehicle 10 from the acceleration sensor 32. In step S12,
the ECU 34 calculates a_target acceleration a_tar (see FIG.
5). Details of the calculation of a target acceleration a_tar will
be described later with reference to FIG. 10.

In step S13, the ECU 34 calculates a downhill regenerative
correction quantity AF1. Specifically, the ECU calculates the
difference (hereinafter referred to as “difference D1”)
between the actual acceleration a and the target acceleration
a_tar, and then calculates a downhill regenerative correction
quantity AF1 according to a feedback control process depend-
ing on the difference D1. Stated otherwise, as the absolute
value of the difference D1 is greater, the absolute value of the
downbhill regenerative correction quantity AF1 is greater.

FIG. 10 is a flowchart of a process of calculating a target
acceleration a_tar (details of S12 in FIG. 9) according to the
present embodiment. In step S21, the ECU 34 estimates a
road surface gradient G. Specifically, the ECU 34 calculates a
road surface gradient G using the acceleration a from the
acceleration sensor 32, etc. For example, the ECU 34 may
estimate a road surface gradient G according to the process
disclosed in US 2009/0112386 Al (see FIG. 5, paragraphs
[0076], [0077], [0090] through [0110] of US 2009/0112386
Al). Alternatively, the ECU 34 may estimate a road surface
gradient G according to other existing processes.

In step S22, the ECU 34 judges whether the shift range is
the B range or not. Ifthe shift range is the B range (S22: YES),
then, in step S23, the ECU 34 selects the map for the B range,
i.e., the characteristic curve 106 in FIG. 5. As described
above, the map, i.e., the characteristic curve 106, is selected
depending on the vehicle speed V. Therefore, the ECU 34 also
uses the vehicle speed V from the vehicle speed sensor 30 in
selecting a map.

In step S24, the ECU 34 selects a target acceleration a_tar
corresponding to the road surface gradient G estimated in step
S21 according to the map selected in step S23, i.e., the char-
acteristic curve 106 in FIG. 5.

In step S25, the ECU 34 resets atimer 36 (see FIG. 1) of the
ECU 34 which is used for the acceleration increasing control
process and the acceleration restoring control process. FIG.
11 shows by way of example how the timer 36 operates. As
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can be seen from FIG. 11, the timer 36, which is a count-down
timer, is kept at an initial value when the B range is selected
from time t32 to time t33. When the D range is selected, the
timer 36 counts down from time t33 to time t34. Therefore,
using the timer 36, it is possible to measure a prescribed
period that has elapsed after switching from the B range to the
D range.

In step S22 of FIG. 10, if the shift range is not the B range
(S22: NO), i.e., if the shift range is the D range, then, in step
S26, the ECU 34 selects the map for the D range, i.e., the
characteristic curve 102 in FIG. 5. As described above, the
map, i.e., the characteristic curve 102, is selected depending
on the vehicle speed V. Therefore, the ECU 34 also uses the
vehicle speed V from the vehicle speed sensor 30 in selecting
the map.

In step S27, the ECU 34 selects a target acceleration a_tar
corresponding to the road surface gradient G estimated in step
S21 according to the map selected in step S26, i.e., the char-
acteristic curve 102 in FIG. 5.

In step S28, the ECU 34 judges whether the count value of
the timer 36 has reached zero or not, or stated otherwise,
judges whether or not the prescribed period has elapsed after
switching from the B range to the D range. If the prescribed
period has not elapsed (S28: NO), then, in step S29, the ECU
34 determines the sum (hereinafter referred to as “target
acceleration a_tar (new)”) of the target acceleration a_tar
selected in step S27 (hereinafter referred to as “target accel-
eration a_tar (0ld)”) and an acceleration additional value
a_add, as a final target acceleration a_tar in the present pro-
cessing cycle. However, immediately after the range has been
switched from the B range to the D range, the ECU 34 gradu-
ally increases the target acceleration a_tar as with the accel-
eration a (=target acceleration a_tar) from time t23 to time t24
in FIG. 8. After step S29, the present processing cycle is
ended. Then, a next processing cycle is started from step S21.

If the prescribed period has elapsed (S28: YES), then the
present processing cycle is ended. Then, a next processing
cycleis started from step S21. However, immediately after the
prescribed period has elapsed, the ECU 34 gradually
decreases the target acceleration a_tar as with the acceleration
a (=target acceleration a_tar) from time 25 to time 126 in FIG.
8. The absolute value of the rate (gradient) at which the target
acceleration a_tar is decreased at this time is smaller than the
absolute value of the rate (gradient) at which the target accel-
eration a_tar is increased from time t23 to time 124, i.e., the
gradient is lower.

3. Advantages of the Present Embodiment

According to the present embodiment, as described above,
when the road surface gradient G is equal to or smaller than
0%, at the same road surface gradient G, the target accelera-
tion a_tar, i.e., the characteristic curve 106 in FIG. 5, for the
B range is lower than the target acceleration a_tar, i.e., the
characteristic curve 102 in FIG. 5, for the D range (see FIG.
5). Stated otherwise, when the road surface gradient G is 0%
or less, at the same road surface gradient G, the deceleration
forthe B range is greater than the deceleration for the D range.
Therefore, when the shift range is switched from the D range
to the B range, the deceleration of the vehicle 10 is increased
irrespectively of whether the vehicle 10 is driving on a flat
road or a downbhill road. The vehicle 10 thus makes the driver
feel decelerated, and prevents the driver from having a feeling
of irresponsiveness to the driver’s operation. Further, when
the shift range is switched from the B range to the D range, the
vehicle 10 makes the driver feel accelerated irrespectively of
whether the vehicle 10 is driving on a flat road or a downhill
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road. Thus, the vehicle 10 prevents the driver from feeling
strange and uncomfortable due to the unchanged acceleration
a. Consequently, it is possible to perform an appropriate
regenerative control process for the vehicle 10 which has a
plurality of forward driving ranges, i.e., the D range and the B
range.

According to the present embodiment, the difference Aa2
between the characteristic curve 102 and the characteristic
curve 106 in the region wherein the road surface gradient G
changes from 0% to the value G1%, i.e., the region wherein
the downhill regenerative control process is inhibited, and the
difference Aa3 between the characteristic curve 102 and the
characteristic curve 106 in the region wherein the road sur-
face gradient G is lower than the value G1, i.e., the region
wherein the downhill regenerative control process is permit-
ted, are constant and equal to each other.

With the above arrangement, the driver is able to recognize
achange in the acceleration (deceleration) similarly when the
D range and the B range are switched while the vehicle 10 is
in the downhill regenerative control process and when the D
range and the B range are switched while the vehicle 10 is in
the accelerator regenerative control process on a flat road.
Therefore, the electric vehicle 10 can prevent the driver from
having a feeling of irresponsiveness to the driver’s operation
or can make the driver feel more accelerated.

According to the present embodiment, when the range is
switched from the B range to the D range while the vehicle 10
is driving on a downhill road, the sum of the normal target
acceleration a_tar, i.e., the characteristic curve 102 in FI1G. 5,
for the D range and the acceleration additional value a_add is
temporarily used as an actual target acceleration a_tar (see
FIG. 8 and S29 in FIG. 10). Therefore, when the range is
switched from the B range to the D range, the acceleration a
of'the electric vehicle 10 becomes greater than normal even if
the downbhill regenerative control process is performed in the
D range. Consequently, it is possible to achieve compatibility
between an acceleration feel which the driver expects to have
by switching from the B range to the D range and the downhill
regenerative control process that adjusts the target accelera-
tion a_tar depending on the road surface gradient G.

According to the present embodiment, after the accelera-
tion increasing control process that adds the acceleration
additional value a_add, the acceleration restoring control pro-
cess that restores the target acceleration a_tar to the normal
characteristic curve 102 for the D range. Thus, when the range
is switched from the B range to the D range, it is possible to
restore the acceleration a to the normal acceleration a (target
acceleration a_tar) after having temporarily increased the
acceleration a (target acceleration a_tar). Therefore, immedi-
ately after switching from the B range to the D range, it is
possible to give the driver an acceleration feel as expected and
thereafter prevent the electric vehicle 10 from being exces-
sively accelerated using the normal target acceleration a_tar.

According to the present embodiment, the absolute value
of the rate (gradient) at which the target acceleration a_tar is
increased from time t23 to time t24 in FIG. 8 is greater than
the absolute value of the rate (gradient) at which the target
acceleration a_tar is decreased from time t25 to time t26.
Therefore, when the acceleration increasing control process
is performed, the acceleration a can be sharply increased to
accelerate the electric vehicle 10 quickly. On the other hand,
when the acceleration restoring control process is performed,
the target acceleration a_tar is gradually decreased and made
equal to the normal target acceleration a_tar, i.e., the charac-
teristic curve 102 in FIG. 5, thereby changing to the normal
downbhill regenerative control process without making the
driver feel strange and uncomfortable.
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B. Modifications

The present invention is not limited to the above embodi-
ments, but may employ various arrangements based on the
disclosure of the above description. For example, the present
invention may employ the following arrangements.

1. Objects to which the Present Invention is Applicable

In the above embodiment, the vehicle 10 which has the
single motor 12 and the single battery 16 has been described
(see FIG. 1). However, the present invention is not limited to
the illustrated vehicle 10, but is applicable to other objects.
For example, the present invention is applicable to an electric
vehicle having a propulsive motor and a regenerative motor
separately. The present invention is also applicable to a hybrid
vehicle having an engine in addition to the motor 12. Further-
more, the present invention is also applicable to a fuel cell
vehicle having a fuel cell in addition to the motor 12 and the
battery 16. Still further, the present invention is applicable not
only to the electric vehicle 10 but also to another mobile body
oramovable apparatus, e.g., a robot arm, having a plurality of
forward driving ranges (driving ranges in one direction). The
vehicle 10 is not limited to a four-wheeled vehicle, but may be
atruck, a motorcycle, an electric-motor-assisted bicycle, and
the like.

2. Shift Ranges

In the above embodiment, the shift ranges include the P
range, the N range, the R range, the D range, and the B range.
However, the shift ranges are not limited to these ranges, but
may include other ranges insofar as they have a plurality of
shift ranges for driving in one direction (the D range and the
B range in the above embodiment).

In the above embodiment, the driver switches to each ofthe
shift ranges with the shift lever 26. However, the driver may
switch to each of the shift ranges, particularly at least one of
the D range and the B range, using another switching device.
For example, the driver may switch between the D range and
the B range, for example, using a button (not shown) on the
steering wheel, in addition to or instead of the shift lever 26.
3. Accelerator Regenerative Control Process, Downbhill
Regenerative Control Process, Acceleration Increasing Con-
trol Process, and Acceleration Restoring Control Process

Inthe above embodiment, both the accelerator regenerative
control process and the downhill regenerative control process
have been described as being carried out for each of the D
range and the B range. However, insofar as the accelerator
regenerative control process and the downhill regenerative
control process are carried out in effect, these control pro-
cesses do not need to be formally distinguished from each
other. For example, the accelerator regenerative control pro-
cess may be included in the downhill regenerative control
process. Stated otherwise, a regenerative control process that
is performed while the vehicle is driving on a downhill road
may be collectively called a downhill regenerative control
process, and the accelerator regenerative control process may
be included in the downhill regenerative control process.

In the above embodiment, the downhill regenerative con-
trol process is carried out for each of the D range and the B
range (the characteristic curves 102, 106 in FIG. 5). However,
the present invention is not limited to the downhill regenera-
tive control process thus carried out in terms of the accelera-
tion increasing control process and the acceleration restoring
control process. For example, the present invention is also
applicable to an arrangement where the downhill regenerative
control process is carried out only for the D range and only the
accelerator regenerative control process is carried out for the
B range. More specifically, the acceleration increasing con-
trol process and the acceleration restoring control process
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may be carried out, for example, in the characteristic curves
202, 204 of the comparative example shown in FIG. 6. Alter-
natively, the acceleration increasing control process and the
acceleration restoring control process may be carried outin a
combination of the characteristic curve 202 of the compara-
tive example shown in FIG. 6 and a characteristic curve that is
produced by shifting the characteristic curve 204 down-
wardly in its entirety in FIG. 6.

In the above embodiment, the acceleration additional value
a_add is used in the acceleration increasing control process.
Stated otherwise, the acceleration increasing control process
has been described as being independent from the downhill
regenerative control process and the accelerator regenerative
control process. However, the acceleration increasing control
process may be carried out by at least partly stopping or
limiting at least one of the downhill regenerative control
process and the accelerator regenerative control process,
instead of using the acceleration additional value a_add. For
example, it is possible to use the characteristic curve 100
instead of the characteristic curve 102 in FIG. 5 for the accel-
eration increasing control process performed at the time of
switching from the B range to the D range.

In the above embodiment, after the acceleration increasing
control process is temporarily carried out, the acceleration
restoring control process is carried out. However, the accel-
eration increasing control process may be continuously car-
ried out without the acceleration restoring control process.
For example, after the range has been switched from the B
range to the D range, the acceleration increasing control
process may be continued as long as the D range goes on.

The invention claimed is:

1. A method of controlling an electric vehicle having a
range switching device for switching between a first forward
driving range and a second forward driving range as shift
ranges in response to an input operation performed by a driver
of the electric vehicle, the method comprising:

when the driver closes an accelerator of the electric vehicle

on a flat road, carrying out an accelerator regenerative
control process for applying, to the electric vehicle, a
braking force equivalent to engine braking by regenera-
tive electric generation by an electric motor;

wherein a deceleration of the electric vehicle in the accel-

erator regenerative control process at the time the second
forward driving range is selected, is greater than a decel-
eration of the electric vehicle in the accelerator regen-
erative control process at the time the first forward driv-
ing range is selected;

when the electric vehicle is driving on a downbhill road,

carrying out a downhill regenerative control process for
adjusting an amount of electric power regenerated by the
electric motor such that an acceleration of the electric
vehicle at the time the accelerator is closed, is equal to a
downhill acceleration depending on a road surface gra-
dient;

wherein the downhill acceleration at the time the second

forward driving range is selected, is smaller than the
downhill acceleration at the time the first forward driv-
ing range is selected, throughout a region of the road
surface gradient that is established as a control range;
and

carrying out an acceleration increasing control process for

setting the downbhill acceleration at the time of switching

10

30

35

40

45

60

18

from the second forward driving range to the first for-
ward driving range while the electric vehicle is driving
on the downbhill road, at least temporarily to an accelera-
tion in excess of the downhill acceleration obtained on
the assumption that the electric vehicle is driving con-
tinuously in the first forward driving range at the same
road surface gradient as the road surface gradient of the
downhill road on which the electric vehicle is currently
driving.
2. The method of controlling the electric vehicle according
to claim 1, further comprising:
carrying out, after the acceleration increasing control pro-
cess, an acceleration restoring control process for restor-
ing the downbhill acceleration to the downhill accelera-
tion obtained on the assumption that the electric vehicle
is driving continuously in the first forward driving range
at the same road surface gradient as the road surface
gradient of the downhill road on which the electric
vehicle is currently driving.
3. The method of controlling the electric vehicle according
to claim 2, wherein the absolute value of a rate of change of
the downhill acceleration according to the acceleration
increasing control process is greater than the absolute value of
a rate of change of the downhill acceleration according to the
acceleration restoring control process.
4. A method of controlling an electric vehicle having a
range switching device for switching between a first forward
driving range and a second forward driving range as shift
ranges in response to an input operation performed by a driver
of' the electric vehicle, the method comprising:
when the driver closes an accelerator of the electric vehicle
on a flat road, carrying out an accelerator regenerative
control process for applying, to the electric vehicle, a
braking force equivalent to engine braking by regenera-
tive electric generation by an electric motor;
wherein a deceleration of the electric vehicle in the accel-
erator regenerative control process at the time the second
forward driving range is selected, is greater than a decel-
eration of the electric vehicle in the accelerator regen-
erative control process at the time the first forward driv-
ing range is selected;
when the electric vehicle is driving on a downhill road,
carrying out, in at least the first forward driving range, a
downhill regenerative control process for adjusting an
amount of electric power regenerated by the electric
motor such that an acceleration of the electric vehicle at
the time the accelerator is closed, is equal to a downhill
acceleration depending on a road surface gradient; and

carrying out an acceleration increasing control process for
setting the downbhill acceleration at the time of switching
from the second forward driving range to the first for-
ward driving range while the electric vehicle is driving
on the downbhill road, at least temporarily to an accelera-
tion in excess of the downhill acceleration obtained on
the assumption that the electric vehicle is driving con-
tinuously in the first forward driving range at the same
road surface gradient as the road surface gradient of the
downhill road on which the electric vehicle is currently
driving.



